The main objective of this study was to calculate the economic value (including externalities) of a created wetland located in a peri-urban park in Catalonia, Spain. The wetland, which covers an area of 1 ha, was constructed in 2003 and receives a secondary treated wastewater flow of between 100 and 250 m 3 /day. The externalities of the wetland were evaluated using the travel cost method. The value of the wetland is expressed in terms of the price of the water that flows through the system, which is estimated to range from 0.71 to 0.75 h/m 3 . The value of positive externalities (1.25 h/m 3 ) was greater than private costs (from 0.50 to 0.54 h/m 3 ). These results constitute empirical evidence that created wetlands in peri-urban parks can be considered to be a source of positive externalities when used in environmental restoration projects focusing on the reuse of treated wastewater. This study also illustrates 1) the small influence of the hydraulic infrastructure depreciation costs on the private costs of constructed wetlands (less than 10%), and 2) the low investment costs of constructed wetlands in comparison with operation and maintenance costs (less than 10% of total private costs).
INTRODUCTION
During the nineteenth century and early twentieth century, many of the Mediterranean's natural wetland zones were drained to reduce the spread of infectious diseases and make way for agricultural developments. In addition, wetland ecosystems continued to disappear during the second half of the twentieth century as a consequence of the tourism boom in Mediterranean coastal resorts (Pearce & Crivelli, 1994) . In fact, it is now considered that in the region of Catalonia (northeast Spain) more than 50% of the natural wetland zones that existed at the beginning of the twentieth century have vanished (Seguí et al. 2009 ). As a result of these recent environmental losses there is a rising interest in the restoration of wetland areas, and the use of reclaimed water (wastewater suitably treated for subsequent use) offers an opportunity to achieve this goal. In addition to the restoration of natural wetland areas, reclaimed water can be used to create wetlands in peri-urban parks. This paper assesses the economic valuation of such a type of created wetland.
The positive environmental values related to restored and created ecosystems such as wetlands are covered extensively in the literature (Mitsch & Jorgensen 2004; Mireri et al. 2007 ). However, no clear empirical evidence has been found to support private economic profits gained from the use of reclaimed water for environmental restoration projects in wetland areas. In the present study, we calculated the value of a created wetland based on the value of water, using indirect economic valuation techniques such as the travel cost method. The travel cost method is widely used to estimate the value of natural resources, particularly in recreational sites (Azevedo et al. 2003; Gurluk & Rehber 2008; Vesterinen & Pouta 2008) .
MATERIALS AND METHODS
Externalities, costs and benefits are estimated using the travel cost method. In this study, the travel cost method only incorporated opportunity costs because transport and recreational costs were supposed to be very low and therefore were not considered.
Description of the constructed wetland
The wetland was created in the peri-urban park of Can Cabanyes (Granollers, province of Barcelona, Catalonia, northeast Spain) in an area severely impacted by human activities: it is located near a highway, an old landfill site, a large conventional urban wastewater treatment plant (Granollers WWTP), a solid waste treatment plant, and a frequently used racetrack. The Granollers City Council promoted the project. The wetland was part of a series of activities aimed at restoring the fluvial environment of the Congost River. Currently, the Council and the Consortium for the Defence of the Besó s Rivers Basin (Consorci per la Defensa dels Rius de la Conca del Besó s) are responsible for the operation and maintenance of the system. The Consortium is a supramunicipal institution responsible for managing the wastewaters in the area.
The created wetland comprises a single cell with an elongated shape and a surface area of 1 ha (Figure 1 ). It was planted with an amalgam of Phragmites australis and Typha latifolia. The wetland has planted shallow zones (water depth of between 0.3 and 0.4 m), unplanted deep zones (water depth of 1.5 m), and a small island (surface area of 550 m 2 ). The wetland began operating in April 2003 and receives a pumped flow of secondary effluent (from Granollers WWTP), which ranges from 100 to 250 m 3 /day. The Granollers WWTP serves an equivalent population of approximately 154,000 people and therefore the wetland receives a very small proportion of the total flow of secondary effluent (approximately 0.4%). Currently the wetland discharges its effluent in the Congost river, but in the near future effluent will be reused for street cleaning and irrigation of public parks. In terms of pollution abatement, the wetland was designed to reduce ammonium and faecal coliforms; however, it has proven to be successful in removing a wide variety of pollutants (Matamoros et al. 2008; Llorens et al. 2009 ). Average annual ammonium removal rates range from 64% to 87%. Inactivation of faecal coliforms is approximately 2 log units.
Theoretical background for calculation of wetland water prices
The European Union Water Framework Directive (WFD) (European Parliament 2000) provides the background information of the methodology used in this paper to calculate the price of water. According to this European Directive, member states must consider full cost recovery for water services including environmental and resource costs in accordance with the polluter pays principle. Therefore, the analysis of water projects has to contain relevant calculations and forecasts for the recovery of water services in the long term.
The project analysis methodology used in this paper is broadly suited to the characteristics of water reuse projects and can be used as a custom-made tool. It enables the user to state the suitability of implementing a reuse project, to estimate the minimum water price and to maximise the expected profit. The main objective of this methodology is to evaluate whether constructed wetland investments are profitable under the well-known criteria of cost-efficiency analysis (CEA), cost-benefit analysis (CBA), and the net present value (NPV). CEA is a method for evaluating efficiency such as the extent to which resources are being used as productively as possible (Hartwick & Olewiler 1998) . This methodology frequently involves an optimisation procedure. In this context, optimisation can be considered merely as a systematic method for finding the lowest-cost means of accomplishing an objective. CBA is a methodology which aims to select projects and policies which are efficient in terms of resource use (Edwards-Jones et al. 2000) . NPV summarises the values of economically relevant costs and benefits of a project (Chapman 1999) . In competitive markets, these costs can be considered as an approximation of marginal cost, which is the minimal extra cost required to achieve an additional production unit. Efficiency in water markets is reached when the marginal revenue is equal to the marginal cost, i.e. when the NPV of the project is equal to zero (Griffin 2006) .
Techno-economic evaluation method
In order to establish the price of reclaimed water for private, social, and environmental uses, an optimisation process for both private and external costs and benefits can be applied using the following equation (Seguí et al. 2009) :
where: B T ¼ total benefit (h); AVR ¼ annual volume of reclaimed wastewater (used in our case for wetland creation)
PE ¼ positive externalities of the impacts (h); NE ¼ negative externalities of the impacts (h); OC ¼ opportunity cost (h); n ¼ year.
In this equation the reclaimed wastewater price (SP) is calculated as the sum of three different costs: 1) private costs, 2) costs related to externalities, and 3) opportunity costs.
So, neither financial costs nor taxes are considered in the calculation of private and external costs and benefits of a created wetland fed with treated wastewater located in this periurban park. Given the small relevance of these variables in the economic valuation of a created wetland in a periurban park in Granollers, relevance on final results can be considered to be rather small.
Private costs can be defined as the cost to the producer of providing goods or services. Private costs for wastewater reuse include capital investment costs, operating and maintenance costs as well as financial costs and taxes. Operation and Maintenance costs are those costs that have been incurred for the administration, supervision, operation, maintenance, preservation, and protection of the institution's physical plant. Capital investment costs are long-term corporate decisions relating to property, plant, and equipment and to the corporation finances.
An externality exists when firm or individuals impose costs or benefits on other agents in society and when these costs or benefits are not compensated, or cannot be appropriately priced or allocated using market mechanisms.
The most significant reason why externalities persist in the wetland at Can Cabanyes is that it is an open-access resource, in which the externalities generated are non-appropriable.
The open-access nature of this wetland means that it can be considered to be a public good. A public good is a commodity or service that can be consumed by any individual provided that they do not reduce the availability of the good for consumption by others, and that the good can be equally consumed by all (Chapman 1999) . In public goods, each person's use is independent of payment level. Table 1 summarises the externalities identified in the present study, which in this case are those related to the use of reclaimed water, water quality improvements, and the increase in wetland ecosystems. These externalities help the preservation and recovery of local wetlands, with the positive consequence of increased species diversity and improvements in the landscape. Externalities, costs and benefits are estimated using the travel cost method. In this study, the travel cost method only incorporated opportunity costs because transport and recreational costs were supposed to be very low and therefore were not incorporated in the empirical model.
According to Tietenberg & Lewis (2009) , the opportunity cost (OC) of water is the net benefit lost when specific environmental services of water are lost in the conversion of water for human uses. The reason is that human consumption is accepted as being the most profitable alternative use of water. However, given the great difficulties in identifying a standard water price for human consumption in Spain (differences in water prices between cities in Spain can be as much as 325%), then the use of salaries was preferred. Salaries are usually accepted in empirical studies as a proxy variable that reflects the opportunity costs of taking part in this recreational activity and therefore have been used in this study.
Environmental-economic valuation techniques: the travel cost method
The environmental-economic valuation technique which is applied in this paper to calculate local wetlands externalities is the travel cost method. This method is based on the expenditures incurred by households or individuals in reaching these sites and uses these expenditures as a means of measuring willingness to pay for the recreational activity. Travel costs are therefore taken as a proxy variable that can be used to estimate the economic value of natural resources, which cannot be found in free markets. This method can be considered to be an extension of the theory of consumer demand and special attention is paid to the value of travel time for individuals (Freeman 2003; Tietenberg & Lewis 2009) . Data required for the travel cost method were provided by the Granollers City Council. The council supplied two reports referring to two different periods: June to September 2006 and October to January 2007 (a total period of 8 months). These reports included data related to the wetland and park users, in terms of the different ways to reach the wetland and the different interests and motivation for visiting (Villanueva 2007) .
Travel costs are generally calculated as the sum of:
1. Transport costs, which are estimated from the volume of fuel consumed during the journey. In this study, however, visitors did not normally reach the park by car or motorcycle, but rather by bike or on foot. For this reason transport costs have not been considered. 2. Recreational costs, which are calculated from the need to have some food during the journey or at the recreational site, or the need to spend several nights in accommodation either during the journey or at the recreational site. However, in this study these costs have not been considered given the local nature of the park. 3. Opportunity costs, which are based on the fact that a person who devotes time for leisure activities is paying for it, because he/she will not receive any wages during this time. Salaries are usually accepted as a proxy variable that reflects the opportunity costs of taking part in this recreational activity and therefore have been used in this study.
RESULTS
A total of 17,760 people visited the created wetland and the park from June 2006 to January 2007 ( Table 2) . Most of the visitors came from Granollers and surrounding towns. Visitors usually travelled to the park by bicycle or on foot. More than 50% of visitors were middle-aged. The percentage of young, adult, and child visitors ranged from 10% to 15%. The smallest percentage of visitors was families (3%). Almost 75% of visitors were men. It is interesting to point out that most visitors used the park for sporting activities (e.g. jogging, walking, and biking), whereas more traditional park activities such as picnicking were less popular, despite the fact that there is a designated picnic area in the park with wooden tables. Table 3 shows the investments costs, which were calculated as the sum of the costs of civil works, facilities, variable costs, and fixed costs. Table 4 shows the main operating costs and maintenance costs of the wetland, which could be used to determine the minimum selling price. In efficient water markets, the cost of water calculated directly from operating and maintenance costs is considered to be equal to the minimum selling price. That is, the minimum price for the cost of reclaimed water retrieval required to recover all funds related to the management of the system. The private price of water is calculated considering all costs and benefits of the investment, operation and maintenance. The cost of investment, operation and maintenance is estimated using a conventional optimisation process for Equation 1. It is important to point out that the reclaimed wastewater price is the optimising variable in the system. This variable is calculated in order to maximise the present discounted value in Equation 1. Capital depreciation was calculated considering a life-span of the system of 20 years.
The result is 0.54 h/m 3 , whenever infrastructure depreciation costs are considered (Table 5) .
Infrastructure depreciation costs indicate a reduction in the value of infrastructure. If depreciation costs are not considered to be a part of the created wetland, then benefits from the implementation and operation of the constructed wetland should be overestimated and financial problems could appear whenever new investments could be needed.
The inclusion of infrastructure depreciation costs can be controversial because they are not always considered in the context of public works. The difference between prices that do and do not include infrastructure depreciation is only 0.04 h/m 3 . The main reason for such a small difference is that infrastructure depreciation costs are relatively low in our case (they are equal to less than 10% of private costs). Consequently, they cannot be considered as a major determinant in this project, which suggests that constructed wetlands only require a small investment in facilities when compared to operation and maintenance costs. The estimated private price is a relatively low value in comparison with results for other uses of reclaimed water (e.g. agricultural irrigation) (Seguí et al. 2005) . Opportunity costs were considered as the wages that visitors would not be receiving while taking time off work to visit the park. In this case, the minimum interprofessional wage for Spain was selected to represent this cost (Instituto Nacional de Estadística 2006), which is 18.03 h/day and corresponds to 2.25 h/hour. Considering that visitors spend an average time of 1.5 hours in the park (Villanueva 2007) , the opportunity cost was estimated at 3.38 h/visitor. The average time of 1.5 hours includes the time that a visitor spends travelling to the park. To establish the total opportunity cost, the total number of visitors was incorporated. The result is h59,940. Thus, from the total volume of wastewater treated in the wetland during the 8-month period (from June 2006 to January 2007, 48 000 m 3 ), we calculated that the positive externality value of reclaimed water is 1.25 h/m 3 (Table 5 ).
All the estimated costs and benefits were used to calculate a final benefit from the implementation and operation of the constructed wetland (Tables 3, 4 and 5). The final water price, which would recover all costs related to water that flows through the wetland, was calculated as the sum of private and external costs (Table 5 ). The result indicates that the price lies between 0.71 and 0.75 h/m 3 , depending on whether depreciation of capital is included.
DISCUSSION
Determining the cost of water is fundamental in the design and management of restored or created wetlands, and is therefore essential in the calculation of a wetland's reclaimed water price. This process is made difficult by the lack of a reclaimed water market that could determine water prices and the private and external costs and benefits. Values are therefore derived from the prices of conventional water sources, from which two scenarios can be obtained:
1. The wetland is economically and financially feasible. This result is defined by private benefit calculation. This outcome is often preferred by the main groups involved in the project (usually managers and politicians). 2. The wetland is economically, financially, and environmentally feasible. This situation may be considered the best outcome as all sectors of society are concerned with such improvements, which is what we found in the economic valuation of the created wetland (where the value of positive externalities is higher than private costs).
In the present work capital investment costs and operation and maintenance costs were considered in the estimation of private costs. Managers working in the created wetland (and generally in other wetland systems) only consider operating and maintenance costs to estimate water price; they do not consider the recovery of capital costs. Nevertheless, whenever this hypothesis is incorporated into price calculations, the minimum water price to recover all costs is 0.50 h/m 3 , which is almost the same price obtained for the Laboratory expenses 500
Council-University reseach contract expenses 5,500
Total operating and maintenance costs 20,350 The water price of the created wetland ranges from 0.71 to 0.75 h/m 3 , depending on whether depreciation is considered. This price is lower than those obtained for other restoration water reuse projects with constructed wetlands, such as the one in Empuriabrava (Girona, Spain) (Seguí et al. 2009 ). In the case of Empuriabrava, the price ranges between 0.75 and 1.20 h/m 3 . This is mainly because in these wetlands there are important positive externalities because they are located inside the Aiguamolls de l'Empordà Natural Park, which is included in the Ramsar Convention of Wetlands and attracts more than 150 000 visitors per year (in contrast with the local nature of the project evaluated in this paper). Furthermore, the price of water in the created wetland is much lower than that in water reuse projects in which a final product with a real market price is obtained. For example, the price of reclaimed water used for wine production can be as high as 1.69 h/m 3 (Seguí 2007) .
It is important to point out that in this study not all impacts have been economically evaluated. If benefits like the reuse of nutrients were incorporated in the evaluation, the profitability of the system would increase because no significant changes in costs occur. Our results confirm the positive economic and environmental benefits that constructed wetlands provide in terms of environmental restoration via water reuse projects.
CONCLUSIONS
In this paper we have estimated the economic value of water in a created wetland in a peri-urban park. The valuation methodology employed for this purpose includes private as well as external costs and benefits in the general context of a cost-benefit analysis, following the principle of the recovery of the costs of water services as stated in the European Water Framework Directive. Traditionally, neither a cost-benefit analysis nor a cost-efficiency analysis of water services considers external costs or benefits, which is particularly important for created or restored wetlands, in which the externalities generated are non-appropriable.
We found that the water price in the studied wetland ranges from 0.71 to 0.75 h/m 3 , and the value of positive externalities (1.25 h/m 3 ) is greater than the private costs (from 0.50 to 0.54 h/m 3 ). These results are empirical evidence that created wetlands in peri-urban parks can be considered to be a source of positive externalities when used in environmental restoration projects that focus on the reuse of treated wastewater. In addition, this study demonstrates the small influence of hydraulic infrastructure depreciation costs on private costs of constructed wetlands (less than 10%). Investment costs of created wetlands such as the one evaluated in this study are very low in comparison with operation and maintenance costs (less than 10% of total private costs) when the life-span of the wetland is considered.
